Introduction
============

The presence of collagen in almost all tissues and organs, it structural and biochemical features justify the effort of scientists in knowing the implications of the various normal and pathological processes in the human body. Some researchers have attributed a role in the aging process, even naming it \"old age protein\", following due to the finding of essential change of the old bodies compared to young adults. It had an important structural role. Possibilities to exploit to obtain good yields collagen and denatured collagen type I fibrillar collagen extraction consists of marine fish skins.

Marine collagen has been isolated from many marine sources such as marine fishes \[[@B1],[@B2]\], sponges \[[@B3],[@B4]\] and mollusks \[[@B5],[@B6]\]. In marine fishes, the fish tissues, including the skin, bone and scale, account for approximately 30% of the processing waste \[[@B7]\].

The use of biomaterials in order to repair and function in humans has increased considerably in the last 30-40 years. Artificial materials used in veterinary medicine as implants, medical devices, wound dressings, tables, sutures, contain at least one natural component with important role for enhancing the biocompatibility and haste the healing process \[[@B8]\]. Collagen being the ideal support for the immobilization of active principles from plants, the combination of the anti-inflammatory, anti-bacterial and drying (of harmed surfaces) properties of substances with the healing capability of collagen is expected to result in efficient dressings for wound healing \[[@B9]\]. The high viscosity at rest assures a good adherence of the hydrogels on wound, while their elasticity prevents the breakdown of the applied layer \[[@B10]\].

Being composed from macromolecules, collagen is successfully used in the biomedical field: orthopedics, dentistry, dermatology, urology, cardio-vascular surgery. Particularly important is that this biopolymer can be conditioned in various forms: injectable solutions, gelatine, foams, solutions, pastes. One of the possibilities of recovery of denatured collagen type I fibrillar consist of extraction of marine fish skin. Fish contain more collagen in the skin, the wings of the dorsal fin and the bladder.

Our aims was to evaluate the possibilities of obtaining type I fibrillar collagen from fish skin using the Black Sea marine resources.

Materials and Methods
=====================

Materials

Fresh Gray mullet fish and Sturgeon fish were collected from market during the month of October. The fish was skinned. The skin was washed thoroughly with distilled water, and stored at-25°C until used. The scales and fins were collected separately. For obtaining collagen from marine fish, we used the acid treatment method, with acetic acid 0.5M.

Chemical reagents: All reagents used were of analytical grade. Acetic acid, sodium chloride (NaCl), were purchased from Chemical Company, Triethanoleamine from Sigma Aldrich, Tanic acid from Merck KGaA.

Demineralization Process Initially, the fish skin was washed twice in 10wt% of NaCl solutions to remove unnecessary proteins on the surface by stirring the solution for 24h. Demineralization was achieved with 0.4mol/L HCl solution (dry scales: solution=1:15) for 90min. The demineralized skin was washed three times with distilled water for collagen extraction.

Results
=======

For the extraction of marine collagen from marine fish were selected two species of fish: Gray mullet and Sturgeron. The stages of work in the acid treatment are presented in the [1](#F1){ref-type="fig"}

![Extraction of collagen by acid treatment](CHSJ-43-04-02-fig1){#F1}

To obtain good yields and denatured collagen type I fibrillar collagen extraction from the skin of marine fish are involved the following steps:

removal of non-collagenous by pretreatment with sodium chloride solution, preferably 10% at room temperature for 24 hours, at the same time it takes to remove grease and deodorizing;

removing the salt by exhaustive washing with distilled water and sewage water until no chloride ions, with most of the fat and smell;

treatment with 0.5 M acetic acid solution of skin pretreated for 24-48 hours to remove the epidermis;

extracting collagen in 0.5M acetic acid solution of temperature reduction on the cleaned skin of 4-6 ° C, in order to eliminate degradation;

filtering the extract to separate collagen from the rest of the skin at the same temperature and centrifuged at room temperature at which extraction was made, where there is the possibility;

maintaining the collagen in appropriate conditions, possibly by introducing preservative sodium nitrate.

![The process of obtaining of collagen](CHSJ-43-04-02.fig2){#F2}

Stabilization of Collagen Extracted from Fish
=============================================

To use collagen extracted from fish skin at room temperature and more to the human body, it must have the collagen type I fiber structure that should be stabilized. This can be done by cross-linking.

![Collagen extracted from fish](CHSJ-43-04-02-fig3){#F3}

Cross-Linking
=============

Collagen extracted from fish skin can be stabilized by cross-linking, as with mammalian products by two types of methods:

\- by physical treatment, the use on the one hand of ultraviolet radiation and on the other hand of hydrothermal methods;

\- by chemical treatment using glutaraldehyde as cross-linking agents or carbodiimide.

Rheological Behavior
====================

Rheological properties give information on the consistency and plasticity of hydrogels, allowing to determinate their behavior under application conditions. In addition, they influences the kinetics of drug release and staging at application side.

Gel without Alcohol
===================

They do not contain ethyl alcohol and have been subjected to maturation for at least 12 hours at 4°C. \[[@B11],[@B12]\] Then they have undergone rheological measurements under the above conditions. For the gel containing no ethyl alcohol solution, measurements can be made to allow a shear rate of between 48.6 and 1312 s -1 according to the rheogram described in the following figures (see [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}).

![Rheogram of gel with collagen concentration of 0.6% without ethyl alcohol](CHSJ-43-04-02-fig4){#F4}

![Fluctuation of apparent collagen concentration of 0.6% without ethyl alcohol](CHSJ-43-04-02.fig5.0){#F5}

As the inclination of the curve decreases with shear according to the speed increases, the rheogram [5](#F5){ref-type="fig"} confirms the pseudoplastic behavior of the collagen gel. The collagen gel being relatively diluted, tends ideally to a pseudo-plastic behavior at high shear rates of over approx. 440 s-1, which means that the gel does not continue to modify the STI structure mentioned at shear rates exceeding the value (very diluted gels exhibit this behavior).

The apparent viscosities have been calculated for every point on the rheogram as ratio between the shearing stress and speed. Variation curve of apparent viscosities with shearing speeds for this gel is presented in [5](#F5){ref-type="fig"}. This is also representative for materials with pseudo-plastic behavior and it is more pronounced for small shearing decrease speeds and tends to a limit value at high shearing speeds.

The cross-linking was made with Tanic acid 2%.

The highest viscosity and stability under shear forces are hydrogels with acidic pHs ranging between 3 and 3.6 and basically low bases of about 7.5.

Collagen's mechanical properties have a substantial importance: its elasticity and stiffness on the macroscale. These are important for materials performance, while on the microscale we are increasingly learning about the importance of mechanics in dictating cellular fate \[[@B13]\].

Discussion
==========

The marine fish collagen Gray mullet presents the best stability. It has been isolated with superior yields than Sturgeron.

The printing stability of the collagen matrix with chemical cross-linking gives a particular mechanical strength, but can lead to a potential cytotoxicity and a reduced biocompatibility.

Cross-linking was made with Tanic acid, which has showed good results and also was exploited his antimicrobial activity. Thus, toxicity induced by glutaraldehyde, frequently used like cross-linking agent, was eliminated.

All hydrogels have a pseudo-plastic behavior, but viscosities are much higher at a given concentration. This rheological behavior can be also confirmed by the represantation after the model of Ostwald-De Waele.

Modelling of Rheological Behaviour using Ostwald-De Waele Model
===============================================================

Ostwald-De Waele model or "power law model" consider the formula:
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where:

K is the flow consistency index

∂u/∂y is the shear rate or the velocity gradient perpendicular to the plane of shear and

n is the flow behavior index.

Further, apparent or dynamic viscosity, will be:

![](CHSJ-43-04-02.form2){#E2}

Since for n=1, it obtains the Newton law, it is usual to call the model under the name of "power law" and to consider it as a generalization of Newton model for ideal fluids. \[14\]

When n\<1, the model predicts that the apparent viscosity would decrease to zero at high share rate and to infinity in its absence, therefore, applicability restrains to intermediate domain of share rate. In spite of these limitations, the law is largely applicable due to its very simple form.

After logarithmic transformations both relations become linear dependences between variables:
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As can be seen in [6](#F6){ref-type="fig"}, the first form of the law is appropriate if we eliminate the first and the last points in the graph. The flow index n appears to be 0.38, a clear sign of pseudo-plastic behavior.

An extraordinary good fitting (correlation coefficient 1,00) appeared in case of relation between apparent viscosity and velocity gradient. In this case n-1=-0,67 so that n=0,33 which is very closed with the value obtained in first law. Consistency index was obtained.

![The rheological behavior of fish collagen after logarithmic](CHSJ-43-04-02.fig8){#F6}

Conclusion
==========

In this study, the Gray mullet skin and Sturgeon skin collagen was extracted by 0.5M acetic acid.

Extraction yields were better for Gray mullet skin, 83%.

Cross-linking was performed with Tanic acid to eliminate toxicity of glutaraldehyde.

Rheological properties give information on the consistency and plasticity of hydrogels.

All hydrogels have a pseudo-plastic behavior but viscosities are much higher at the initial concentration.

Experimental data was well fitted in case of shear stress-velocity dependence in power law model and excellent fitted in case of apparent viscosity predictions.

The isolated type I collagen may serve as an attractive alternative to mammalian collagen for biomedical and pharmaceutical applications.
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